This paper reports the production of severe coronary atherosclerosis and frequent myocardial lesions, including infarction, in rabbits by lanolin feeding and by lanolin feeding combined with other manipulations-castration, supplementary salt in the diet, ammonium chloride acidosis, nicotine and allylamine administration.
I
T IS widely assumed that the atherosclerosis produced experimentally in rabbits and other animals is, in effect, equivalent to the initial stage in the pathogenesis of coronary heart disease in man. But in most such experiments the observations have actually been made on the aorta rather than on the coronary arteries themselves and even when the heart is studied, damage to the myocardium is seldom observed.
METHODS AND MATERIALS
White rabbits from 1.7 to 3.9 Kg. in weight, averaging 2.5 Kg., were maintained on the experimental diet for 13 to 40 weeks. Control rabbits were fed the basic "okara" diet; 7 groups of animals ate this diet plus a daily supplement of lanolin. All rabbits were given a small amount of green vegetables daily.
Okara is the refuse left in making soy bean curd, a staple food in .Japan. The percentage composition of okara includes: water, 84.5; protein, 3.5; carbohydrate, 6.9; fat, 1.9. The daily ration of the rabbits was 200 to 300 Cm. of okara.
Anhydrous lanolin was dissolved in half its volume of cottonseed oil and 5 to 7 Gin. of this mixture, added to the okara, was the daily ration for the experimental rabbits. Lanolin contains 15 per cent sterols, about two thirds being cholesterol, the remainder consisting of lanosterol and agnosterol, the two sterols of sheep wool grease called "isocholesterol" before their identity was established.
One group (I) of rabbits received lanolin (in okara) alone. Group II received in addition 5 to 7 Gin. of NaCl in the daily ration, group III being their controls receiving the extra salt in okara without lanolin. Group IV received, intravenously, 70 to 80 mg. of allylamine twice a week, group V being their controls receiving allylamine and okara withFrom the Third Medical Clinic, Osaka University Hospital, Osaka, Japan.
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out lanolin. Group VI received 5 to 7 Cm. of salt daily, 70 to 80 mg. of allylamine twice weekly, and their diet was okara plus lanolin. Group VII received lanolin and okara and were given, intravenously, 200 mg. daily of ammonium chloride to produce acidosis. Group VIII, fed on okara plus lanolin, were given daily intramuscular injections of 4 mg. (2 ml. of 0.2 per cent solution) of nicotine; their controls, group IX, received nicotine and ate okara without lanolin. Group X consisted of 3 castrated male rabbits fed okara plus lanolin. Group XI consisted of 5 castrated female rabbits fed lanolin and okara; their controls were 5 uncastrated female rabbits included as a subgroup in group I. Except for these latter rabbits and those in group XI, all rabbits were males. The foregoing numbers do not include a few rabbits that died with diarrhea early in the lanolin feeding. Pure allylamine was made up as a 5 per cent solution in distilled water and the solution was brought to pH 7.0 by adding .1 N HC1. The intravenous dose was 15 to 20 ml. of this solution.
Total serum cholesterol was measured by the method of Bloor. Electrocardiograms were recorded with limb leads from the rabbits in group I. Sacrifice was by exsangination from the carotid artery. The arteries and myocardium were examined grossly and microscopically.
RESULTS
Condition of the Rabbits. The basic okara diet satisfactorily maintained the control rabbits and these exhibited no significant changes in serum cholesterol. Most of the rabbits receiving lanolin adjusted to it quickly, but there were some cases of diarrhea and early deaths attributable to it. Diarrhea was also frequently involved in those rabbits that died late in the experiment (18 to 40 weeks). Most of the rabbits gained or at least maintained body weight, but there was some weight loss in 11 rabbits; weight changes are given in tables 1, 2 and 3.
Depilation of moderate to marked degree 
occurred in 13 of the rabbits fed lanolin; 6 of these also received allylamine. The loss of hair usually involved the fur on the abdomen or the extremities first, then extended to affect the body surface generally. Jaundice occurred in 5 rabbits, 3 in group IV (lanolin + allylamine). One rabbit (no. 35 in group I) developed xanthoma-like nodules in the subcutaneous tissue of the neck. This rabbit died in the fortieth week, apparently of coronary heart disease.
Twenty of 52 rabbits fed lanolin died: 9 of 22 receiving only lanolin, 3 of 8 castrates, 2 of 4 fed extra salt, 4 of 8 receiving allylamine, 1 of 5 receiving ammonium chloride and 1 of 5 receiving nicotine. Neither of the 2 rabbits receiving both allylamine and extra salt died.
Electrocardiograms. Electrocardiograms of rabbits show a good deal of spontaneous variability so it is not always easy to detect truly significant changes. Only 1 of the 22 rabbits studied with the electrocardiograph (group I) developed a definite abnormality of the coronary type, consisting of a deeply inverted T wave in rabbit no. 35, mentioned above. This is interesting because this rabbit exhibited a well-marked fibrotic infarction of the left ventricle at autopsy after spontaneous death in the fortieth week.
Cholesterol and Autopsy Findings. Serum cholesterol and autopsy findings on the male rabbits fed lanolin with no other experimental manipulation are given in table 1; the findings on the males subjected to other variables plus the lanolin in the diet are given in table 2.
All of the rabbits exhibited greatly elevated serum cholesterol concentrations, the most extreme values being found in the 4 rabbits given supplementary salt as well as lanolin. Grossly visible aortic atherosclerosis was universal. This was most intense in the aortic arch and the thoracic aorta, especially at the origins of the innominate, subclavian and intercostal arteries. All but 8 of the 44 male rabbits showed definite coronary atherosclerosis; only 2 were clearly free of involvement in the coronaries and one of the latter received lanolin for only 13 weeks.
Definite myocardial lesions were found in 16 of the 44 male rabbits. In 3 others there was slight (±) fibrosis of the myocardium. The commonest finding in the heart was scattered or localized fibrosis, chiefly in the left ventricular wall and its papillary muscles. Figures 1 and  2 illustrate the more extreme lesions. This rabbit died in the fortieth week of lanolin feeding. Figure 3 shows a fresh infarct and hemorrhage in a rabbit fed lanolin plus salt for 23 weeks.
In the animals killed earliest in the experiment, the atheromatous lesions consisted sim- 
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CORONARY HEART DISEASE BY LANOLIN FEEDING ply of foam-cell plaques. With more prolonged maintenance on the lanolin diet the plaques tended to become h'brotic, hyalinized or even calcified, the sequence resembling closely that seen in human coronary artery disease.
The addition of nicotine injections, ammonium chloride acidosis or castration of the male did not produce significantly different results from those obtained with lanolin alone. The salt supplementation seemed to produce an unusually extreme elevation in the serum cholesterol, but an increased degree or severity of atherosclerosis and myocardial lesions could not be proved from this small series.
The results with allylamine strongly suggest that it enhanced the vascular and myocardial pathology. Nine of 10 rabbits that received allylamine as well as lanolin showed definite myocardial lesions. The rabbits treated with allylamine but not fed lanolin showed no significant vascular or myocardial pathology.
Female Rabbits. The findings on the female rabbits are summarized in table 3. Both castrated and uncastrated female rabbits responded much as did the males. It should be noted that 3 of the castrated female rabbits died too early to expect full development of vascular or myocardial pathology and that with none of the females was the lanolin feeding continued beyond 20 weeks. Definite myocardial lesions developed in 14 weeks in 1 castrate and in IS weeks in an uncastrated female rabbit. Another castrated female showed a slight myocardial fibrosis. Xo influence of castration on the result with lanolin could be shown in this small scries. DISCUSSION' Long ago Leary 1 observed coronary atheromatosis in a few of his experimental rabbits fed cholesterol and pointed out the possibility that true coronary heart disease might be induced in the rabbit. The fact is, however, that since then great numbers of rabbits have been fed large amounts of cholesterol and have duly developed extreme hypercholesterolemia and aortic atherosclerosis with remarkably few instances of reports on severe coronary disease and myocardial damage.
The rather regular production of extensive pathology, including myocardial lesions in many cases in our studies, would not seem to be attributable simply to the length of the feeding period and the level of cholesterol fed. Similar feeding periods have been used by many other workers. The total sterol intake averaged about 600 mg./day, including about 400 mg. of cholesterol with a concentration of about 2 mg. cholesterol/cal. This is the general level of cholesterol intake most commonly used in the experimental production of atherosclerosis in rabbits; it is certainly not remarkably high for such experiments. In a human diet of 2500 cal. this would mean 5 Gm. of cholesterol or roughly the content of 20 egg yolks.
The basic okara diet is relatively high in fat, at least for rabbits, with 29 per cent of calories from fats. With the lanolin in oil addition the ration provides 47 per cent of calories from fats. The fatty acids in the diet are mostly of the unsaturated type since soy oil and cottonseed oil account for two thirds of the fat. The fats in lanolin, which account for the other third, are complex and include fatty acids that do not occur in ordinary edible oils. Whether these contributed to the results in the rabbits cannot be said. The other unusual item in the diet is the daily 200 mg. or so, of lanosterol and agnosterol, and it may well be that these sterols contributed to the pathology.
In any case, the present results demonstrate what seems to be something like the full sequence of events leading to coronary heart disease in man-foam-cell plaques becoming fibrotic, hyalinized and even developing calcium deposits, occlusion of coronary arteries and infarction and fibrosis of the myocardium. The method may be useful for further studies even though okara is probably unobtainable in many parts of the world. We have no reason to believe that okara contains peculiar ingredients that affect the results so a diet similar to this should be easy to duplicate starting with other materials.
SUMMARY
White rabbits were maintained for 13 to 40 weeks on a diet of okara (residue from soy bean curd) plus lanolin, providing an average of 47 per cent of calories from fats and an intake of about 2 ing. of cholesterol and 1 mg. of lanosterol and agnosterol. Groups of male rabbits received this diet alone or this diet plus extra salt or injections of allylamine or nicotine or ammonium chloride. Groups of male and of female rabbits were castrated and maintained on this diet.
The lanolin diet produced aortic atherosclerosis and extreme hypercholesterolemia and coronary atherosclerosis in almost all cases. Myocardial lesions of more than very slight degree, including extensive fibrosis and infarction, were found in 18 rabbits. There was some indication that allylamine aggravated the effects of the lanolin.
SUMMAMO IN INTERLINGUA
Conilios blanc esseva mantenite durante periodos de inter 13 e 40 septimanas con un dieta de okara (residuo de coagulo de soja) e lanolina. Iste dieta provideva como valor medie 47 pro cento del calorias total in le forma de grassia. Illo etiam provideva un ingestion de circa 2 mg de cholesterol e 1 mg de lanosterol e agnosterol. Gruppos de conilios mascule recipeva iste dieta sol o in combination con sal additional o con injectiones de allylamino o nicotina o chloruro de ammoniaco. Gruppos de conilios mascule e de conilios feminin esseva castrate e mantenite con le dieta describite.
Le dieta a lanolina produceva atherosclerosis aortic e extreme grados de hypercholesterolemia e atherosclerosis coronari in quasi omne casos. Lesiones myocardial de levissime grado, con extense fibrosis e infarcimento, esseva trovate in 18 conilios. Esseva notate certe factos que indicava que allylamino aggravava le effectos del lanolina. 
